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Abstract: The main objective of this paper is to understand the importance of biochemical biomarkers in assessing marine 

pollution by Polychlorinated biphenyls (PCBs) and Pesticides. Methods: The oxidative stress and antioxidant response as well 

as ultrastructural changes of both liver and muscle tissues of Siganusrivulatus collected from El-Mex Bay as a polluted region 

and Marsa Matrouh as a control region far from land-based sources of pollution have been investigated by using standard 

methods. In general, the results cleared out that El-Mex Bay was much more polluted by polychlorinated biphenyls (PCBs) and 

pesticides compared to Matrouh area. The concentration range of total polychlorinated biphenyls (PCBs) and pesticides in 

sediment samples collected from Matrouh coast was 16.29-32.58 ng/g, dry weight and 107.62-149.11ng/g, dry weight, 

respectively. On contrast, the range in sediment samples collected from El- Mex Bay was 217.12-255.33 ng/g, dry weight and 

663.73-778.7ng/g, dry weight, respectively. Biomarkers studies revealed that the induction of antioxidant systems in response 

to oxidative stress and the increase in lipid peroxidation in fish collected from the polluted area were good indicators for the 

pollution load" in the present study. On the meantime, the present study revealed that ultrastructural changes serve as a 

biomarker of stress in aquatic environment. Moreover, the results suggested that chemical pollution, on the other hand, is 

capable of inducing morphological alteration in liver of fish collected from polluted area. 
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1. Introduction 

The marine environment of Egypt, especially coastal 

ecosystems has been subjected to a substantial increase in the 

last decades of pollution due to a great number of industrial, 

agricultural, commercial and domestic waste, effluents and 

emissions as well as hazardous substances [1-16]. Because 

environmental contaminants can have a broad spectrum of 

sub lethal effects on organisms, so bio-indicators are useful 

tools for assessing the presence and levels of chemical 

pollution. Such effects in organisms sensitive to contaminant 

exposures can be used as early warning signs for the 

degradation of the environment [17-20]. 

PCBs are persistent in the environment and accumulate in 

soils, marine sediments, seawater, sewage sludge and 

vegetation as well as the fatty tissues of animals [21-23]. 

By negatively affecting microorganisms, pollutants in 

aquatic systems may have detrimental effects on higher 

trophic levels and disrupt the balance of the ecosystem [24-

29]. Pollutants accumulated in tissues of fish may catalyze 

reactions that generate reactive oxygen species (ROS) which 

may lead to environmental oxidative stress. Indicators of 

oxidative stress include changes in antioxidant enzyme 

activity, damaged DNA bases, protein oxidation products, 
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and lipid peroxidation products [30]. Disturbance of living 

processes at the molecular and subcellular levels of 

biological organization by xenobiotics can lead to cell injury, 

resulting in degenerative and neoplastic diseases in target 

organs. Therefore histopathological biomarkers have been 

proven to be useful indicators of toxicity in fish organs [31]. 

This paper is devoted to investigate the oxidative stress 

and antioxidant response as well as ultrastructural changes of 

both liver and muscle tissues of Siganus rivulatus collected 

from Matrouh area wich is located in the north-western 

Mediterranean coast of Egypt 290 km west of Alexandria as 

a protected area far from land-based sources of pollution and 

from El- Mex Bay located west of Alexandria which is a 

highly polluted area [32-41]. 

2. Materials and Methods 

2.1. Methodology 

2.1.1. Morphological Study 

Siganus rivulatu fish species were collected from El- Mex 

Bay and Matrouh coast. About 100 fish of similar weight 

(30-40g) were collected from each area. Siganus rivulatu fish 

samples were dissected. Then livers and muscles were taken 

and prepared for electron microscopic studies. The remaining 

livers and muscle tissues were kept frozen at - 20°C until use. 

Fish liver samples were weighted to the nearest milligrams 

and their hepato-somatic index (HIS, liver weight/body 

weight x 100) was calculated according to Jangaard et al. 

[42]. Morphological features of Siganus rivulatus in addition 

to weight and length of Siganus rivulatus collected from both 

areas were taken. The hepato-somatic index (HIS=liver 

weight/body weight x 100) of fish was calculated. 

2.1.2. Chemical Analysis 

Pesticides and PCBs have been determined in fish 

according to UNEP/IOC/IAEA [43]. To control the analytical 

reliability and assure recovery efficiency and accuracy of the 

results, four analyses were conducted on organochlorine 

compounds reference material, HS-5 (sediment) provided by 

NRC-IMB of Canada and SRM-2974 freez-dried muscle 

tissue (Mytilusedulis) provided by EIMP-IAEA USA. The 

laboratory results showed recovery efficiency ranged from 

95-105% for pesticides reference material No. 2974 

(provided by EIMP/IAEA) with coefficient of variation of 

15-20% for all pesticide congeners. 

2.1.3. Preparation of Tissue Homogenate for Biochemical 

Analysis 

Prior to dissection, liver tissue was perfused with a 

(phosphate buffer saline solution, pH 7.4 (PBS), containing 

0.16 mg/ml heparin to remove any red blood cells. The tissue 

was homogenized in 5-10 ml cold buffer (100mM potassium 

phosphate, pH 7.0, containing 2mM EDTA)/g tissue, and 

then centrifuge at 10000xg for 15 min. at 4°C. The 

supernatant was removed for assay. The biodiagnostic 

Glutathione S- transferase assay kit (CAT. No. GT 25 19) is 

used to measures total Glutathione S-Transferase activity 

[44]. Reduced Glutathione (GSH) concentration is 

determined by Biodiagnostic Gltathione reduced kit (CAT. 

No. GR 2511) [45].
 

2.1.4. Microscopic Study 

Ultra-thin sections (50nm) were cut using LKB ultra tome 

with a glass knife, mounted on copper grids. Semi thin 

sections (1µm) were also cut from the sample blocks, stained 

with toluidine blue, and examined under a light microscope. 

Ultra-thin sections were double stained with freshly prepared 

uranyl acetate [46] for 20 minutes as well as lead citrate for 5 

minutes, and scoping grids was achieved by using JEOL 

100CX transmission electron microscope. 

2.2. Statistical Analysis 

This study was statistically analyzed using SPSS (version 

10). A difference is considered as significant at P <0.05. 

3. Results and Discussion 

3.1. Morphological Study 

The morphological study showed that the weight and 

length range for Siganus rivulatus collected from El-Mex 

Bay which is a polluted marine environment [32-40] and 

Marsa Matrouh as a control region were relatively similar, 

but the hepatosomatic index for siganus rivulatus collected 

from El- Mex Bay was 2 fold more than those from Matrouh 

coast (Figure 1). Statistical analysis of data revealed a highly 

significant difference between the two investigated areas, i.e. 

El-Mex area and Matrouh area at p<0.05. 

3.2. Chemical Analysis 

The concentration range of total pesticides in fish muscles 

collected from Matrouh coast is 46.837-66.165 ng/g, dry 

weight, where this range in fish muscles collected from El- 

Mex bay is 347.11-412.6 ng/g, dry weight. The concentration 

of total pesticides in fish muscles collected from El-Mex Bay 

is 7 fold more than those collected from Matrouh coast 

(Figure 2). 

The concentration range of total PCBs in fish muscles 

collected from Matrouh coast is 2.19-6.43 ng/g, dry weight, 

where this range in fish muscles collected from El- Mex Bay 

is 38.33-57.52 ng/g, dry weight.The concentration of total 

PCBs in fish muscles collected from El- Mex Bay is 11.5 

fold more than those collected from Matrouh coast (Figure 

3). 

On the same manner, PCBs represent an important group 

of POPs, which are believed to be possible carcinogens or 

mutagens as well as endocrine disruptors [47, 48]. PCBs are 

used in many industrial processes, for example, in dielectric 

fluids for transformers and capacitors. Barakat et al., [43]. 

River run off is thought to be one of the major sources of 

PCBs to the marine environment. Due to their hydrophobic 

nature, PCBs have strong affinity for particulate material in 

aquatic ecosystem [48]. 
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Figure 1. Hepatosomatic index of “Siganus rivulatus” collected from El- Mex Bay compared to Matrouh coast. 

 

Figure 2. Total pesticide concentration (ng/g; dry weight) of fish muscles collected from El- Mex Bay compared to that of Matrouh Coast. 

 

Figure 3. Total PCBs concentrations (ng/g; dry weight) of fish muscles collected from El-Mex Bay compared to that of Matrouh Coast. 

The present results for the concentration levels of the 

investigated PCBs congeners in “Siganus rivulatus” samples 

collected from Matrouh coast and El-Mex Bay revealed that 

the concentration range of total PCBs in “Siganus rivulatus” 

muscles collected from Matrouh coast is 2.19-6.43 ng/g, dry 

weight, while its range in “Siganus rivulatus” muscles 

collected from El- Mex Bay is 38.33-57.52 ng/g, dry weight, 

which is 11.5 fold more than those collected from Matrouh 

coast. Among the PCBs congeners PCB 52, 118, 138 and 153 

were found dominant in both investigated areas, i.e. Matrouh 

and El-Mex Bay. Chlorination of organic chemicals often 

increases both their persistence and their lipid solubility. 

Therefore, PCBs bioaccumulation with increasing number of 

chlorines increases both lipid solubility and bioaccumulation. 

However, the optimal bioaccumulation capacity is at about 6 

chlorines, probably because higher chlorinated congeners 

(esp. octa-) are so poorly water soluble so that their 

bioavailability is low [49, 50]. α,β - HCH residues were 

found at high concentration in Siganus rivulatus muscle 

samples collected from El-Mex Bay with an average of 28.31 

and 28.46 ng/g, dry weight, respectively and are much more 

than their corresponding values for fish collected from 

Matrouh coast (2.183 and 5.96 ng/g, dry weight, 

respectively). High concentrations of γ-HCH, hepatochlor, 

aldrin, endrine and dieldrine are also present in high 

concentrations in Siganus rivulatus muscle samples collected 
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from El-Mex Bay compared to their corresponding values for 

Siganus rivulatus collected from Matrouh coast. P, P’-DDD, 

P, P’-DDE, P, P’-DDT residues were measured in Siganus 

rivulatus muscles collected from El-Mex Bay (87.66, 33.39, 

15.76 ng/g, dry weight, respectively) in higher concentrations 

compared to their corresponding values for fish collected 

from Matrouh coast (13.53, 11.44, 1.96 ng/g, dry weight, 

respectively). The present study showed that total 

cyclodienes followed by DDTs and then 

hexachlorocyclohexane (176.97, 136.71, 79.26 ng/g, dry 

weight, respectively) are dominate in El-Mex Bay followed 

by DDTs, cyclodienes and HCHs (26.94, 18.96, 9.57 ng/g, 

dry weight, respectively). The results indicated the presence 

of Aldrin in high concentrations in Siganus rivulatus 

compared to their corresponding values from Matrouh coast. 

Our finding is in agreement with the work of Said and Abdel 

Fattah [51]
 
who proved that Aldrin (alicyclic chlorinated 

hydrocarbon) less resistant to oxidation than the aromatics. It 

is being rapidly converted to epoxide form (dieldrin). The 

author also reported that the average concentrations of DDT 

are elevated which generally used against a wide variety of 

agricultural and forest pests and against insect pests including 

vectors such as mosquito and tse tse fly. In the environment, 

DDT can be degraded by solar radiation or metabolized in 

micro-organisms. In 1989 WHO proved that 

dehydrochlorination of DDT gives the metabolite DDE. This 

may be the cause of the presence of high concentration of 

DDE in El-Mex Bay and Matrouh coast than DDTs. It could 

be also due to higher vapour pressures of HCHs than DDTs 

which facilitate relatively rapid atmospheric dissipation in 

the tropics, leaving fewer residues in soil and water [52]. 

According to the results of GESAMP [53] the use of HCHs 

in agriculture is greater than cyclodiens and DDTs. The 

relatively low concentrations of HCHs in fish tissues of the 

present study reflected their lower potential for 

bioaccumulation than other congener’s pesticides. The 

concentrations of DDD (metabolite form of DDT) represents 

the major part of all measured DDTs, suggesting that 

metabolic transformation of DDT under oxidative conditions 

will lead to p,p-DDD which is detected in large percentage 

(64 %) of all DDTs values. 

3.3. Biochemical Analysis 

Contamination of water with industrial and agricultural 

pollutants influences the biochemical processes of aquatic 

organisms [54]. An effective monitoring system using 

biochemical markers has been established to demonstrate 

these xenobiotics in the environment. On the other hand, the 

evaluation of oxidative stress is commonly used in 

monitoring programs based on measurements of catalyze 

(CAT), glutathione peroxidase (GPX) and superoxide 

dismutase (SOD) activities [55-57]. The generation of 

oxyradicals has a connection to the etiology of several human 

diseases and is probably the same for fish [58]. The statistical 

analysis of liver and muscle glutathione s-transferase 

revealed that there was a highly significant increase in liver 

and muscle glutathione s-transferase activity and glutathione 

concentration of Siganus rivulatus collected from El- Mex 

Bay than those collected from Matrouh coast at p<0.05. Liver 

and muscle glutathione s-transferase activity of Siganus 

rivulatus collected from El-Mex Bay increased by 107.21% 

and 63.41%, respectively, compared to those collected from 

Matrouh coast as shown in Figures (4 & 5), respectively. 

Apart from the normal metabolism in a living organism; 

carcinogens (pesticides, heavy metals), infections (bacterial, 

parasitical, viral), radiation damage, and environmental stress 

factors cause an increase in free oxygen radicals and thus 

cause oxidative stress [59]. Recent findings showed also that 

the pollution toxicity in an aquatic organism may be 

connected to increased production of reactive oxygen species 

(ROS) that leads to oxidative stress [60, 61]. In this respect, a 

number of studies confirmed the successful role of 

antioxidant enzymes and non-enzymatic antioxidant 

modulation in identifying environmental stress [62].  

 

Figure 4. Liver glutathione s-transferase activity of “Siganusrivulatus” collected from El-Mex Bay compared to Matrouh coast. 
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Figure 5. Muscle glutathione s-transferase activity of “Siganusrivulatus” collected from El-Mex Bay compared to Matrouh coast. 

In addition, lipid peroxidation estimation in particular has 

also been found to have a high predictive importance as a 

biomarker of exposure [63-65]. Therefore, this study aimed 

to detect the oxidation stress response in liver and muscle of 

Siganus rivulatus collected from El-Mex bay and Matrouh to 

identify the significance of oxidative biomarkers as an early 

indicator of the health of marine ecosystem. An important 

liver biomarkers used for environmental pollution are 

glutathione S-transferase (GST) enzyme and glutathione in 

its reduced form (GSH) [53]. The presence of organic 

pollutants in fish muscle and their relation to specific 

biomarkers were also determined by Siroka et al. [66] where, 

the GST is an important intracellular enzyme of the second 

stage of xenobiotic metabolism. Its main function is to 

catalyze the conjugation of glutathione and electrophilic 

substances of exogenous origin that might be one of 

etiological factors of carcinogenesis and development of 

degenerative diseases [67].It is used as a biochemical marker 

of aquatic environmental contamination with exogenous 

substances [68].
 
The liver and muscle tripeptide glutathione 

concentration of Siganusrivulatus collected from El- Mex 

Bay was increased by 73.63% and 77.54%, respectively 

compared to its corresponding value collected from Matrouh 

coast (Figure 6 and Figure 7, respectively).  

 

Figure 6. Liver glutathione reduced concentration of “Siganus rivulatus” collected from El-Mex Bay compared to Matrouh coast. 
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Figure 7. Muscle glutathione reduced concentration of “Siganusrivulatus” collected from El-Mex bay compared to Matrouh coast. 

The liver and muscle lipid peroxidation concentration for 

“Siganus rivulatus” collected from El- Mex Bay increased by 

255% and 176%, respectively, compared to those collected 

from Matrouh coast (Figure 8 and Figure 9, respectively). 

Moreover, measurements of lipid peroxidation which has 

been described as a biomarker for effect of pollution in 

several studies was also a useful indicator for the pollution 

load [60]. An elevation of MDA registered the oxidative 

stress due to the presence of contamination [67]. This study 

indicated the existence of a significant elevation in liver and 

muscle lipid peroxidation of "Siganus rivulatus" collected 

from El-Mex bay compared to that collected from Matrouh 

coast as shown in Figure (8) and Figure (9). The apparent 

increase in lipid peroxidation may be attributed to the 

accumulation of the chemical pollutant in the organs under 

investigation indicating the existence of significant pollutant 

concentration in the fish liver and muscle of this area. 

Chemical pollutant catalyzes the formation of ROS 

capable to damage tissues such as DNA, proteins and lipids. 

The results of this study were in agreement with the work of 

Farombi et al., [69] who found that the level of MDA activity 

in the liver of Cat fish (Clariasgariepinus) collected from 

Ogun River was significantly elevated in all fish organs 

compared to fishes collected from the Agodi fish farm, the 

percentage increase in liver, kidney, gills and heart lipid 

peroxidation were 177%, 102%, 168% and 71% respectively. 

 

Figure 8. Liver lipid peroxidation concentration (nmole/g) of “Siganus rivulatus” collected from El- Mex Bay compared to Matrouh coast. 
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Figure 9. Muscle lipid peroxidation concentration (nmole/g) of “Siganus rivulatus” collected from El- Mex Bay compared to Matrouh coast. 

3.4. Microscopic Observations 

3.4.1. Microscopic Observation of Hepatocytes 

a. Microscopic structure of liver specimens of Siganus 

rivulatus from Matrouh coast 

Light micrographs of glutaraldehyde fixed OsO4 post fixed 

toulidine blue stained livers of “Siganus rivulatus” collected 

from Matrouh coast revealed, normal architecture (Figure 10) 

including heoatocytes and non-hepatocytes structures. The 

liver of S. rivulatus composed of masses of hepatocytes not 

organized into distinct lobules and interrupted by sinusoids. 

Morphmetric measurements based on light micrographs 

revealed that the hepatocytes possess a mean length of 7.62µm 

and a mean width of 4.84µm. These polyhedral shaped cells 

housed spherical central nuclei and moderately eosinophilic 

granular cytoplasm. Light preparations showed that some 

nuclei have centric nucleoli and some revealed eccentric 

nucleoli (Figure 10). Blood vessels and bile ducts were 

randomly observed among the hepatic parenchyma. Few 

melanomacrophage centers were also found among hepatic 

parenchyma, and were usually located in the vicinity of blood 

vessels and bile ducts. Similarly, transmission electron 

microscopic preparations of Siganus rivulatus collected from 

Matrouh coast (control area) showed polyhedral hepatocytes, 

each hepatocyte surrounded by cell boundary which is only 

visible in electron micrograph i.e. out of resolution of light 

microscope. Extended layer of organelles were observed 

around the nucleus and consisting of nearly parallel stacks of 

rough endoplasmic reticulum (RER) cisternae, smooth 

endoplasmic reticulum (SER) vesicles, numerous spherical 

(mean diameter equal 1.2 µm) and avoid mitochondria (with 

mean length equal 1.8µm and mean width equal 1.4µm) with 

short tubular cristae and few lysosomes (Figure 11). 

Peroxisomes with granular dense matrix and nucleoid were 

also observed in preparations of this group. Numerous 

glycogen granules were found accumulated between the 

organelles of the cytoplasm (Figure 12).  

 

Figure 10. Light micrograph. Semithin section of liver of “Siganus rivulatus” collected from Matrouh coast (control area). Showing, polyheadral shape 

hepatocytes, spherical shaped nuclei, with moderate chromatin content, some nuclei showed centric nucleoli (thin arrow), other nuclei revealed eccentric 

nucleoli (thick arrow), blood sinusoids (S) in between hepatocytes [Glutaraldehyde fixed -OsO4 post fixed-toulidine blue-stained preparation X, 1500]. 
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Figure 11. Electron micrograph. Liver section of “Siganus rivulatus” 

collected from Matrouh coast (control area). Showing, binucleated 

hepatocytes, spherical nucleus (N) in the central of hepatocyte, some nuclei 

showed centric nucleoli (thin arrow), some nuclei revealed eccentric 

nucleoli (thick arrow), the hepatocyte nucleus possessed mostly regular 

nuclear envelope, small amount of condensed heterochromatin attached with 

the nucleolus (Nu), rough endoplasmic reticulum (RER), surrounded the 

nucleus spherical and avoid mitochondria (M) with short tubular cristae, 

few peroxisomes (P) with granular dense matrix, glycogen stores (g) 

[Glutaraldehyde fixed- OsO4 post fixed- uranyl acetate –lead citrate stained 

preparation X, 4500]. 

 

Figure 12. Electron micrograph. Liver section of “Siganus rivulatus” 

collected from Matrouh coast (control area). Showing, masses of 

hepatocytes, kuffer cell (K), hepatocytes mononucleated, spherical nucleus 

(N) in the central of hepatocyte, the hepatocyte nucleus possessed mostly 

regular nuclear envelope, heterochromatin content attached with the 

nucleolus (Nu), small number of peroxisomes (P) with granular dense 

matrix, small number of lysosomes(Ly), small number of lipid droplets (L), 

glycogen (G). [Glutaraldehyde fixed- OsO4 post fixed- uranyl acetate –lead 

citrate stained preparation X, 4500]. 

b. Structure of liver specimens of Siganus rivulatus from 

El-Mex Bay 

Microscopic examination of liver sections of “Siganus 

rivulatus” collected from El-Mex Bay revealed 

histopathological changes and cellular lesions in comparison 

with that collected from Matrouh coast (control area). Light 

micrographs of this group similarly showed that the liver is 

composed of masses of hepatocytes interrupted by sinusoids. 

The hepatocytes appear pale and swollen like balloon where 

large lipid droplets accumulated in their cytoplasm. In 

addition, pyknotic nuclei were observed in some hepatocyte 

(Figure 13). The morphometric measurements based on both 

light and electron micrographs showed that the hepatocyte 

possesses 10.52 µm mean length and 8.36µm mean width on 

the other hand, the hepatocyte of “Siganus rivulatus” 

collected from Matrouh coast (control area) possess mean 

length equal 7.62µm and mean width equal  

 

Figure 13. Light micrograph. Semithin section of liver of “Siganus 

rivulatus” collected from El-Mex Bay (test area). Showing, pale and swollen 

hepatocytes (thin arrow), pyknotic nuclei (thick arrow), with decreased 

chromatin content, large number of lipid vaccules (L), blood sinusoids in 

between hepatocytes (S), sinusoidal congestion [Glutraldehyde fixed-OsO4 

post fixed-toulidine blue-stained preparation X, 1500]. 

4.84µm. Data analysis using t-test indicated there is a 

highly significant increase in the hepatocyte length and width 

in test area comparing to that of control area at p<0.05. In 

addition, nuclei revealed irregular nuclear envelope, their 

heterochromatin appears as dense patches in nucleoplasm. 

Endothelial cells and few kuppfer cells line the sinusoidal 

lumen. Also, examination of electron micrographs of liver 

sections of “Siganus rivulatus” collected from El-Mex Bay 

area showed ultrastructural alterations compared to normal 

appearing hepatocytes. Most hepatocytes were 

mononucleated, anomalous mitochondria with indistinct 

membrane were observed, some of which exhibited partial 

loss of cristea, other exhibited swelling. It is of interest to 

mention that it is very difficult to distinguish organelles 

boundary membranes (Figure 14). 

 

Figure 14. Electron micrograph. Liver section of “Siganus rivulatus” 

collected from El-Mex Bay (test area). Showing, numerous lysosomes (Ly) 

different in size and stainability, mitochondria (M), lipid droplets (L), 

glycogen stores (g), cytoplasm houses a huge amount of glycogen (G) 

[Glutaraldehyde fixed- OsO4 post fixed- uranyl acetate –lead citrate stained 

preparation X, 10500]. 

The most frequently encountered alteration was nuclear 

pyknosis in addition to irregular nuclear membrane and 

altered nucleoli (Figure 15). The mean nuclear diameter was 

found to be 0.7 µm. Data analysis using student t-test exhibit 

that there is a highly significant decrease in the nuclear 

diameter in the test area comparing to that of control area at 
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p<0.05. Fragmentation and vesiculation of RER cisternae. 

Additionally an increase in number of primary and secondary 

lysosomes were noticed as shown in Figure (16). Moreover, 

preparations of this group showed atrophy and lysis of 

mitochondria (Figure 17). 

 

Figure 15. Electron micrographe. Liver section of “Siganus rivulatus” 

collected from El-Mex Bay (test area). Showing, altered nucleus (N) with 

irregular nuclear envelope (Ne), segregated nucleolus (Nu), decreased 

heterochromatin, large number of microbodies (Mi), large number of 

primary lysosomes (Ly) [Glutaraldehyde fixed- OsO4 post fixed- uranyl 

acetate –lead citrate stained preparation X, 7500]. 

 

Figure 16. Electron micrograph. Liver section of “Siganus rivulatus” 

collected from El-Mex Bay (test area). Showing, numerous secondary 

lysosomes (Ly) different in size and stainability, large number of perixosome 

(P), myline (m), numerous lipid droplets (L), cytoplasm houses a huge 

amount of glycogen (G) [Glutaraldehyde fixed- OsO4 post fixed- uranyl 

acetate –lead citrate stained preparation X, 7500]. 

 

Figure 17. Electron micrograph. Liver section of “Siganus rivulatus” 

collected from El-Mex Bay (test area). Showing, numerous lysosomes (Ly) 

different in size and stainability, mitochondria (M), large number of 

perixosome (P), large number of microbodies (Mi), numerous lipid droplets 

(L), cytoplasm houses a huge amount of glycogen (G) granules 

[Glutaraldehyde fixed- OsO4 post fixed- uranyl acetate –lead citrate stained 

preparation X, 6000]. 

 

Figure 18. Electron micrograph. Liver section of “Siganus rivulatus” 

collected from El-Mex Bay (test area). Showing, large size 

melanomacrophage center (Mc), numerous primary and secondary 

lysosomes (Ly) different in size and stainability, large number of perixosome 

(P), numerous lipid droplets (L), cytoplasm houses a huge amount of 

glycogen (G) [Glutaraldehyde fixed- OsO4 post fixed- uranyl acetate –lead 

citrate stained preparation X, 7500]. 

The mitochondrial mean diameter was found to be equal 

0.74 µm. Data analysis using student t-test exhibit that there 

is a highly significant decrease in the mitochondria diameter 

in the test area comparing to that of control area at p<0.05. 

Large empty vacuoles with flocculent materials and myline, 

large number of perixisome, melano-macrophage centres 

increase in size and number (Figure 18), increase number of 

vacuoles containing glycogen stores were also noticed. In 

addition, the cytoplasm houses an increase of number of 

microbodies (Figure 19). 

 

Figure 19. Electron micrograph. Liver section of “Siganus rivulatus” 

collected from El-Mex Bay (test area). Showing, vacuoles containing dense 

bodies (thin arrow), vacuoles containing glycogen (thick arrow), perixisome 

(P) hypertrophied, cytoplasm containing dense glycogen (G) 

[Glutaraldehyde fixed- OsO4 post fixed- uranyl acetate –lead citrate stained 

preparation X, 10500]. 

3.4.2. Microscopic Observation of Muscle Fiber 

a. Structure of muscle specimens of Siganus rivulatus 

from Matrouh coast 

Light micrographs of muscle fibers of Siganus rivulatus 

from Matrouh coast revealed normal architecture in 

comparison to those described in textbooks. The muscle cells 

were enveloped by sarcolemma, a delicate sheath of 

connective tissue, the endomysium, and were connected to 

nerve side branches and blood capillaries. The morphological 
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measurement based on light micrographs showed that the 

muscle cell thickness found to be equal 34.5µm .The 

sarcolemma was identified as a regular outline enclosing the 

muscle fiber having numerous folds, termed junctional folds. 

The control muscle fibers were arranged in a strictly ordered 

cross-striation of alternating brands of light and dark material 

(Figures 20 & 21). Electron microscopic preparations of the 

muscle fibers of Siganus rivulatus, showed that they were 

composed of sarcoplasm and longitudinal arrays of myofibrils. 

The center of each dark (A-band or actin) was occupied by a 

pale area known as H-zone (Hensen
,
s zone) which is bisected 

by an additional thin striation known as M-line (Mittelsheibe). 

However, light band (I-band or myosin) was very difficult to 

distinguish. A thin dark line, known as a Z-line 

(Zwischenscheibe) bisected the I-band which was relatively 

thick and distinguished by its density. The average length of 

the sarcomere (the region between the two successive Z-lines) 

was about 1.51 µm. The average length of A-bands was found 

to be about 1.07µm, while the I-bands was found to be equal 

0.41µm and the H-zone was found to be 0.12 µm (Figure 22). 

In electron microscopic preparations, the sarcoplasm was 

differentiated into peripheral sarcoplasm occupied the thin 

region and the nearest myofibrils, interfibrillar sarcoplasm 

filled the spaces between myofibrils and perinuclear 

sarcoplasm which is found at the pole of the nucleus. The 

sarcoplasm contains non-myofibillar components including 

nuclei, mitochondria and sarcoplasmic reticulum, in addition to 

cellular inclusions such as glycogen particles. The nuclei 

(mean length equal 5.2µm and mean width equal 0.95µm) of 

the muscle cells appeared just beneath the sarcolemma. They 

were oval or spindle shaped in appearance with predominant 

heterochromatin. Adjacent to the inner nuclear membrane, the 

heterochromatin appeared as dense aggregates surrounded by a 

regular nuclear envelope. The envelope appeared perforated by 

nuclear pores (Figure 22). The mitochondria appeared oval in 

shape (their mean length was found to be equal 1.6µm and 

mean width was found to be equal 1.3µm) and were clearly 

visible in the sarcoplasm adjacent to the nuclei. Glycogen 

granules reserves were sparse in muscle cell and a few small 

lipid droplets were found in some of the myocytes. 

Sarcoplasmic reticulum vesicles appeared to be distributed 

among myofibrils (Figure 23). 

 

Figure 20. Light micrograph. Semithin section of muscle of “Siganus rivulatus” collected from Matrouh coast (control area). Demonstrating, normal muscle 

cells architecture, nerve fiber (Nf) in perimycium, sarcolemma (Sl), nucleus (N) small in size located peripherally [Glutaraldehyde fixed-OsO4 post fixed-

toulidine blue-stained preparation X, 1500]. 

 

Figure 21. Light micrograph. Semithin section of muscle of “Siganus rivulatus” collected from Matrouh coast (control area). Illustrating, normal muscle 

architicure, muscle fibers with peripherally distributed nuclei (N) [Glutaraldehyde fixed-OsO4 post fixed-toulidine blue-stained preparation X, 1500]. 
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Figure 22. Electron micrograph. Longitudinal section of muscle of “Siganus 

rivulatus” collected from Matrouh coast (control area). Showing, regular 

striations, part of sarcolemma (Sl), with junctional folds (J), Part of the 

nucleus (N), with normal heterochromatin (Hc) distribution, regular nuclear 

envelope (Ne) and nuclear pore (Np), sacroplasmic reticulum (Sr), obvious 

isotropic band (I), Z-line (Z), sacromere length (S), Anisotropic band (A), 

less distinct H-zone (H) [Glutaraldehyde fixed- OsO4 post fixed- uranyl 

acetate –lead citrate stained preparation X, 10500]. 

 

Figure 23. Electron micrograph. Longitudinal section of muscle of “Siganus 

rivulatus” collected from Matrouh coast (control area). Demonstrating, 

regular striations, sarcoplasmic reticulum (Sr), obvious isotropic band (I), Z-

line (Z), sacromere length (S), anisotropic band (A), less distinct H-zone 

(H) ) [Glutaraldehyde fixed- OsO4 post fixed- uranyl acetate –lead citrate 

stained preparation X, 10500]. 

c. Structure of muscle specimens of Siganus rivulatus 

from El-Mex Bay 

Light micrograph of muscle fibers of Siganus rivulatus 

from El-Mex bay showed similar general appearance. The 

muscle cells were enveloped by a delicate sheath of 

connective tissue, the endomysium, and were connected to 

nerve side branches and blood capillaries (Figure 24). Our 

measurement based on light micrographs showed that the 

muscle cell have mean thickness equal about 17.5µm. Data 

analysis using student t-test exhibit that there is a highly 

significant decrease in the muscle cell thickness in the test 

area comparing to that of control area at p<0.05. The 

sarcolemma was identified as a regular out line enclosing the 

muscle fiber having numerous folds, termed junctional folds. 

The muscle fibers were arranged in a strictly ordered cross-

striation of alternating brands of light and dark material 

(Figure 24). 

 

Figure 24. Light micrograph. Semithin section of longitudinal section of 

muscle of fish “Siganus rivulatus” collected from El-Mex Bay (test area). 

Showing, muscle bundle (Mb), muscle fibres (Mf), endomysium (thin arrow), 

sarcolemma (Sl) [Glutaraldehyde fixed-OsO4 post fixed-toulidine blue-

stained preparation X, 1500]. 

Electron microscopic preparations showed that the muscle 

fibers of “Siganus rivulatus”were composed of sarcoplasm in 

which longitudinal arrays of myofibrils were observed. The 

center of each dark (A-band or actin) was occupied by a pale 

area known as H-zone (Hensen,s Zone) which is bisected by 

an additional thin striation known M-line (Mittelsheibe). 

However, light band (I-band or myosin) was very difficult to 

distinguish. A thin dark line, known as a Z-line 

(Zwischenscheibe) bisected the I-band which was relatively 

thick and distinguished by its density. The average length of 

the sarcomere was found to be equal 1.58 µm. The average 

length of A-bands was found to be 1.1µm. while the I-bands 

was found to be 0.45µm and the H-zone was found to be 0.16 

µm (Figures 25 & 26). Data analysis using student t-test 

revealed that there is insignificant difference in this 

measurement between the test area and control area at 

p<0.05. Electron microscopic preparations of the “Siganus 

rivulatus” muscle collected from test area showed that 

muscle fibers possessed highly altered nuclei with mean 

length equal 3.3µm and mean width equal 1.04µm, with large 

size nucleoli, with irregular and disrupted nuclear envelope, 

with dilated nuclear pores. Data analysis using student t-test 

exhibit that there is a highly significant decrease in the 

nuclear length in the test area comparing to that of control 

area but there is insignificant difference in the nucleus width 

between the two area at p<0.05. The mitochondria appeared 

small in size, their mean length equal 0.9µm and mean width 

equal 0.71µm with dense matrix. In these preparations the 

sub-sacrolemma mitochondria appeared disrupted and lysis 

in the cytoplasm (Figures 25, 26). Data analysis using student 

t-test exhibit that there is a highly significant decrease in the 

mitochondria length and width in the test area comparing to 

that of control area at p<0.05. They possessed slightly 

electron dense matrics and well preserved tubular cristae that 

traversed the whole width of the organelle (Figures 26, 27). 

Glycogen reserves were sparse in muscle cell and a few small 

lipid droplets were found in some of the myocytes. 



106 Mohamed Atia Sheradah et al.:  Chemical and Biochemical Evaluation of Marine Pollution by Polychlorinated  

Biphenyls and Pesticides in Two Regions Along the Egyptian Mediterranean Sea 

Sarcoplasmic reticulum vesicles appeared to be distributed 

among myofibrils (Figure 26). 

 

Figure 25. Electron micrograph. Longitudinal section of muscle of “Siganus 

rivulatus” collected from El-Mex Bay (test area). Showing, sarcoplasmic 

reticulum (Sr), mitochodria (M) with different sizes and with altered 

structure, obvious isotropic band (I), Z-line (Z), sacromere length (S), 

anisotropic band (A), less distinct H-zone (H), disrupted sarcolemma 

(arrow) [Glutaraldehyde fixed- OsO4 postfixed- uranyl acetate – lead citrate 

stained preparation X, 7500]. 

 

Figure 26. Electron micrograph. Longitudinal section of muscle of “Siganus 

rivulatus” collected from El-Mex Bay (test area). Showing, sarcoplasmic 

reticulum (Sr), mitochondria (M) with large size located in between 

myofibrils, obvious isotropic band (I), Z-line (Z), sacromere length (S), 

anisotropic band (A), less distinct H-zone (H) [Glutaraldehyde fixed- OsO4 

post fixed- uranyl acetate –lead citrate stained preparation X, 10500]. 

 

Figure 27. Electron micrograph. Longitudinal section of muscle of “Siganus 

rivulatus” collected from El-Mex Bay (test area). Showing, part of 

sarcolemma (Sl), highly altered nucleus (N) with decreased chromatin, with 

irregular nuclear envelope (Ne), with dilated nuclear pores (Np), sub-

sacrolemma mitochondria (M) appeared disrupted, lysis in the cytoplasm, it 

is very difficult to distinguish A band, I band, sacromere length, no obvious 

sarcoplasmic reticulum (Sr) [Glutaraldehyde fixed- OsO4 post fixed- uranyl 

acetate –lead citrate stained preparation X, 10500]. 

4. Conclusion 

The oxidative stress and antioxidant response as well as 

ultrastructural changes of both liver and muscle tissues of 

Siganus rivulatus collected from two different areas in the 

north-western Mediterranean coast of Egypt have been 

investigated. The present study revealed that the induction of 

antioxidant systems in response to oxidative stress and the 

increase in lipid peroxidation in fish collected from the 

polluted area were good indicators for the pollution load. In 

the meantime, the ultrastructural changes served as a 

biomarker of stress in aquatic environment and the chemical 

pollution is capable of inducing morphological alteration in 

liver of fish collected from polluted area. 
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